• Canopy size rather than crop load was the main driver of water use in apple orchards.
INTRODUCTION
Irrigation is the single most repetitive operation in fruit production, especially in arid and semi-arid regions (Fernandez and Cuevas, 2010; Liu et al., 2014) . In key deciduous fruit exporting countries such as Spain, Italy and South Africa, most of the fruit is produced under irrigation (Consoli et al., 2016; Gush and Taylor, 2014) . Therefore, the availability of adequate water is critical for the sustainability and growth of the fruit industries (Dzikiti et al., 2017a; Testi et al., 2006) . Water resources in these countries are under severe strain from global climate change and increasing competition between different users (Midgley et al., 2014) . The average yield of apple (Malus domestica Borkh.) orchards varies considerably between countries. In South Africa, for example, it is approximately 60 t ha -1 (Hortgro, 2016) .
However, in recent years, exceptionally high yielding orchards that consistently produce more than 100 t ha -1 have become common due to improved plant material and orchard management practices (W. Steyn, pers. comm.) . This raises questions on the sustainability of these orchards given the increasingly limited water resources since orchards with high yields of good quality fruit are reported to have higher water requirements (Naor et al., 1997; Naor et al., 2008) . While many studies have quantified water use by apple orchards (Gush and Taylor, 2014; Volschenk et al., 2003; Volschenk, 2017) , none of them have focused on exceptionally high yielding orchards.
A second important information gap relates to how water use by apple orchards varies from planting until the trees reach the full-bearing age (6-8 yr.). Some studies have quantified evapotranspiration (ET) and its partitioning into tree transpiration and orchard floor evaporation (Gong et al., 2007; Liu et al., 2014) . However, these studies only investigated mature orchards and there is no detailed quantitative information on how ET and its components vary from planting until the trees mature. This information is important for irrigation scheduling, designing irrigation systems, water allocation, and developing strategies to cope with droughts, whose frequency and severity is projected to increase e.g.
in the prime fruit producing Western Cape Province of South Africa (Midgley and Lötze, 2011 ).
Orchard evapotranspiration is commonly determined using the soil water balance approach (Rallo et al., 2017; Rallo et al., 2014; Volschenk, 2017) , micrometeorological techniques such as the eddy covariance (Gush and Taylor, 2014; Dzikiti et al., 2017a) , combining microlysimeter derived soil evaporation and transpiration (Bonachela et al., 2001; Testi et al., 2004) , and using the surface energy balance method (Cammalleri et al., 2010; Consoli and Papa, 2013; Consoli et al., 2006; Dzikiti et al., 2011) . These methods are however, not suited for routine use in orchard water management. Instead, simple crop coefficients (Kc) are widely used to estimate ET from reference evapotranspiration (ETo) (ET=Kc x ETo), using the guidelines provided in FAO paper number 56 (Allen et al., 1998) . Whilst these have proven robust in a number of annual crops, they have been shown to be very site specific for perennial orchard crops where crop coefficients can vary according to variety, rootstock, tree spacing, canopy cover, microclimate and irrigation method (Naor et al. 2008) . As a result,
published Kc values can often result in poor estimates of water use for orchard crops. There is therefore a need for more mechanistic models which can provide reliable estimates of ET under a wide range of climatic conditions and management practices which can then be used to derive site specific Kc values for improved on-farm water resources management.
However, in cases where the soil water content falls below threshold values, plants experience water stress and Kc can be adjusted for the stress according to:
transpiration is disconnected from the soil physical conditions related to soil evaporation.
The objectives of this study were to establish the water requirements of apple orchards with varying canopy cover and to quantify how orchard ET is partitioned into transpiration and orchard floor evaporation using the Shuttleworth and Wallace (1985) model. The novelty of this study resides in the fact that, we for the first time, quantify the water requirements of exceptionally high yielding apple orchards that consistently produce in excess of 100 t ha 
MATERIALS AND METHODS

Study sites and plant material
Data were collected in orchards in two prime apple growing regions in the Western Cape KBV (Fig. 1a ) experiences cold winters with the long-term average minimum daily temperatures for the coldest month (July) being 3-4 °C, with occasional snowfalls (Midgley et al., 2014) . Summers are generally hot and mean maximum temperatures for the hottest month (February) reach 28-29 °C. Peak summer temperatures exceeding 40 °C are also common. In contrast, EGVV (Fig. 1b) experiences milder winters and summers as the weather is moderated by proximity to the Atlantic Ocean to the south west (Midgley et al., 2014) . Mean minimum daily temperatures in winter are between 8-9 °C while average maximum summer temperatures are between 25 and 26 °C. Maximum temperatures close to 40 °C also occur. cultivar in South Africa occupying approx. 24% of the area under apples, and the red cultivars i.e. Cripps' Pink/ Cripps' Red/ and Rosy Glow-the latter is a redder strain of Cripps'
Pink. All these cultivars are high yielding. The red cultivars were selected as these are late season cultivars. We hypothesized that these cultivars would likely have the highest seasonal water use because they have the longest growing season. The specific red cultivar used depended on the availability of suitable orchards in a particular growing region. In 2014/15, data were collected in two full-bearing orchards planted to 22 year old 'Golden Delicious' (FBGD) and 9 year old 'Cripps' Pink' (FBCP) trees. The orchards were close to each other at Kromfontein farm and each block was about 5.0 ha. Additional data were collected in two non-bearing orchards. One orchard was a 4.0 ha block planted to three year old 'Golden Delicious' (NBGD) trees at Lindeshof farm about 2.5 km to the north west of Kromfontein (Fig. 1a) . The other non-bearing orchard was more than 5.0 ha and planted to four year old 'Rosy Glow' (NBRG) trees at Paardekloof farm, about 30 km to the south of Kromfontein. Three of the orchards were on M793 rootstock with 1 667 trees per hectare (4 m x 1.5 m spacing). Only the NBRG orchard was on the MM109 with a higher plant density of 2 285 trees per hectare (3.5 m x 1.2 m spacing). Further details of the orchards are presented in Table 1 . All full-bearing orchards consistently yielded more than 100 t ha -1 in the two to four years prior to measurements. Soils in all four orchards were predominantly deep sandy soils of the Fernwood soil form (Hyperalbic Arenosol, Soil Classification Working Group, 1991) with a low stone content. The soil hydrological properties, derived from water retention curves in the 150 to 800 mm depth range in each orchard, are summarized in Table 1 .
In the 2015/16 growing season, data were collected in four orchards in EGVV. These comprised a 29 year old 'Golden Delicious' orchard at Southfield farm and a 12 year old 'Cripps' Pink' orchard at Radyn farm, located next to Southfield (Fig. 1b) . Both orchards were more than 5 ha and used the rootstock M793. Soils in the FBGD orchard were deep loamy (Soil Classification Working Group, 1991) . Two additional orchards planted to non-bearing trees were monitored at Vyeboom farm, approx. 20 km to the southwest of the town of Villiersdorp in EGVV (Fig. 1b) . These comprised a 6 ha block planted to four year old 'Golden Delicious' trees and a 6.5 ha three year old 'Cripps' Red' (NBCR) orchard with both orchards on the rootstock MM109. Soil type in the 'Golden Delicious' orchard was similar to that in the FBCP, while there were deep sandy loams of the Fernwood soil form (Hyperalbic Arenosol, Soil Classification Working Group, 1991) in the NBCR orchard, with up to 24% stone content. Tree density was 1 250 trees per hectare (4 m x 2 m spacing) for three of the orchards in EGVV except the full-bearing 'Cripps' Pink' which had 1 667 trees per hectare (4 m x 1.5 m spacing).
All the orchards were irrigated using a micro-sprinkler system with one sprinkler per tree. . In the young orchards, irrigation was applied on average once every 4 days at the start of the season in spring and approximately once every 2 days in mid-summer.
Microclimate, sap flow and eddy covariance measurements
Weather data were recorded using two automatic weather stations located close to the study sites. The stations were installed in open spaces with uniform short grass cover. Weather variables measured included hourly and daily estimates of solar irradiance, air temperature and relative humidity, wind speed and direction and rainfall. Reference evapotranspiration (ETo) was calculated for a short grass using the FAO Penman-Monteith equation (Allen et al. 1998 ).
Transpiration in full-bearing orchards was measured on six trees of different stem sizes per orchard using the heat ratio method of the heat pulse velocity (HPV) sap flow technique (Burgess et al., 2001) . A metal template with three holes spaced 5 mm apart was used to drill the holes in the stems to minimize probe misalignment. The HPV system comprised heaters implanted into the stems and connected to custom-made relay control modules which controlled the heat application. T-type thermocouple pairs, installed at equal distances (~0.5 cm) up and downstream of each heater probe measured the sapwood temperature.
The thermocouples were connected to multiplexers (Model: AM16/32B Campbell Scientific, Logan UT, USA) which were in turn connected to CR1000 data loggers. Four sets of sensors were installed in the four cardinal directions around the stem on each of the six trees. The sensors were inserted at different depths into the sapwood to account for the radial variation in sap velocity (Wullschleger and King, 2000) . The depth of installation of the sensors ranged from 0.7 to 3.5 cm below the bark depending on stem size. The HPV data was corrected for wounding due to sensor implantation at the end of the experiment according to the approach of Swanson and Whitfield (1981) . The conducting sapwood area was determined by injecting a weak solution of methylene blue dye into the stems to determine the extent of the active xylem vessels. Whole-tree transpiration was derived as the sum of the sap flows in four concentric rings in the sapwood with flow in each ring calculated as the product of the sap velocity at each probe depth and the sapwood area represented by that probe as described by Dzikiti et al (2017b) . Sap flux density was derived as the ratio of the daily sap flow rate of an individual tree to the conducting sapwood area. Orchard level
) was calculated as the sum of the products of the sap flux density and the stand sapwood area index (i.e. m 2 of sapwood per m 2 of ground area) for trees in different stem diameter classes.
Transpiration by the smaller trees in the non-bearing orchards was measured using one
Granier probe (Model: TDP 10, Dynamax Inc., Houston, USA) (Granier, 1987) per tree.
Three trees were instrumented per orchard. The sensors were installed at a height between 50 and 75 cm from the ground to eliminate errors due to cold sap early in the morning. A double layer of aluminium bubble wrap was wrapped around the sensors to minimize the effects of exogenous heating on the sap temperature signals. Both the TDP and HPV sap flow data was collected at hourly intervals throughout the two growing seasons.
Evapotranspiration (ET) from the orchards was quantified using two open path eddy covariance systems. These comprised sonic anemometers (Model: CSAT3, Campbell Sci.
Inc., Utah, USA) which measured the wind speed in 3D. The concentration of atmospheric water vapour and carbon dioxide were measured using infrared gas analysers (IRGA) (Model: LI-7500A, LI-COR Inc., Nebraska, USA). One eddy covariance system was connected to a CR3000 data logger, while the other used a CR5000 data logger, both manufactured by Campbell Scientific. The high frequency data, collected at 10 Hz, was stored on 2 GB memory cards. Additional sensors included a CNR1 net radiometer (Kipp & Zonen, The Netherlands) on the CR5000 station and a four component CNR 4 net radiometer (Kipp & Zonen, The Netherlands) on the CR3000 station. Two clusters of soil heat flux plates (Hukseflux, The Netherlands) were installed at 8 cm depth below the surface to measure the soil heat fluxes under the canopies and between the rows at each station.
Soil averaging thermocouples (Model: TCAV, Campbell Sci. Inc., Utah, USA) were installed above the soil heat flux plates at 2 and 6 cm depths from the surface to correct the measured fluxes for the energy stored by the soil above the plates. The IRGA and s onic anemometers were installed at heights ranging from 1.50 to 1.80 m above the canopies.
These heights ensured that the sensors were above the surface roughness sublayer and gave flux footprints of approx. 150 to 180 m around the tower. Advanced processing of the high frequency eddy covariance data was done using the EddyPro v 6.2.0 software (LI-COR Inc., Nebraska, USA) to correct for fluctuations in air density, lack of sensor levelness etc.
Lastly, the eddy covariance data was corrected for lack of energy balance closure using the Bowen ratio method as described by Cammalleri et al (2010) .
The volumetric soil water content in the two 'Golden Delicious' orchards in KBV and in the full-bearing 'Golden Delicious' and the 'Cripps' Red' orchards in EGVV were measured using 30 CS616 time domain reflectometers per orchard (Campbell Sci. Inc., Utah, USA). In this study, these sensors sampled the soil water content at four levels in the depth range 150 -800 mm in the non-bearing orchards, and up to 1100 mm in the full-bearing orchards in the tree row and at three levels up to 600 mm in the work row. Between six and eight sensors sampled the water content close to the soil surface (150 mm) under various wet/dry and sun/shade positions. In the remaining orchards, soil water content was measured close to the soil surface using two to three CS616 probes per orchard.
Numerical description of the ET model
The partitioning of ET into tree transpiration and orchard floor evaporation was modelled using the Shuttleworth and Wallace model. The original equations are given in Shuttleworth and Wallace (1985) and these used a constant stomatal resistance (rsT) of 400 s m -1
, while the soil surface resistances (r s s) were fixed at 0, 500, and 2000 s m -1 for wet, moderately wet, and dry soils, respectively. In this study a variable stomatal conductance (gsT=1/rST) was employed following Jarvis et al (1976) . According to this method, if gs max is the maximum stomatal conductance for apples, then the stomatal conductance at any given time is moderated by environmental stress factors according to:
where f(R), f(T), f(VPD) and f(θ) are the solar radiation (R), air temperature (T), vapour pressure deficit of the air (VPD) and soil water content (θ) stress factors with values between 0 and 1. The stress factor expressions took the following forms:
where kr, kvpd, and  are parameters obtained by model optimization and are defined in Table   2 . Equation 3 has been applied on maple trees (Acer rubrum) by Bauerle et al (2002) The soil surface resistance was derived from the soil water content in the top 15 cm (θ15) by where Yi obs is the i th observation of the daily ET, Yi sim is the i th simulated ET, and Y mean is the mean ET value and n is the total number of observations. The NSE ranges between - and 1.0 with NSE = 1.0 being the optimal value and values between 0 and 1.0 are generally viewed as acceptable levels of performance (Moriasi et al., 2007) . Values ≤0.0 indicate that the mean observed value is a better predictor than the simulated value which indicates unacceptable model performance.
RESULTS
Climate
Typical climatic conditions during the 2014/15 season in KBV and 2015/16 in EGVV are summarised in Table 3 . The daily maximum solar radiation for the season in KBV was 28.5 MJ m -2 which was higher than in EGVV, where it peaked at 24.0 MJ m -2 , presumably higher rainfall (>510 mm). There was therefore below average rainfall in both production regions for the two seasons.
Soil water content and transpiration
As expected, the soil moisture dynamics at different depths down the soil profile responded to irrigation and rainfall events (Fig. 2) . Due to the differences in canopy size, irrigation frequency was generally lower in young (Fig. 2a ) compared to mature orchards (Fig. 2b) .
The mature trees were irrigated more frequently during mid-summer to reduce sunburn damage to the fruit. Water stress occurred on occasion especially in the young orchards as evidenced by the soil water content data in Fig (2a) and in the full-bearing 'Golden Delicious' in KBV (data not shown). In the mature blocks, irrigation was less frequent early in the season when the trees used residual water in the soil from the winter rains and after harvest in early March for the 'Golden Delicious' and April for the 'Cripps' Pink'. The sap flux density of both the mature and young orchards closely tracked the atmospheric evaporative demand (Fig. 3a) . However, the young trees (Fig 3b) had a higher sap flux density with the peak of 570 cm 3 cm -2 d -1
, almost double that of mature trees (Fig. 3c) . In addition, there was no significant difference (p=0.78) in the sap flux density of the Golden Delicious and the red cultivars of the same age group suggesting that the trees had similar water use characteristics. Whole-tree sap flow rates 
Measurement and modelling of evapotranspiration
The measured daily ET was strongly correlated to the reference evapotranspiration particularly in full-bearing orchards (Fig 4 a & b) with the coefficient of determination ranging from 0.67 to 0.82. The R 2 was much lower in the non-bearing orchards varying from 0.28 to 0.66 (Fig. 4 c & d) . Similarly, the energy balance closure was higher in the mature than in the The hourly transpiration, derived from the stem sap flow of the mature orchards, was out of phase with the measured ET and Fig. 5a illustrates this for the FBGD for one day. This phase shift could introduce errors in model parameters given the dominance of climate driving variables which are in phase with ET in the Shuttleworth and Wallace model. However, the model does not take into account the capacitance of the trees. By crosscorrelating the ET with transpiration, it is apparent that mature orchard transpiration, as measured on the stems using sap flow sensors, lagged behind ET by up to 2 hours (Fig. 5b) , and the symbol "r' represents the correlation coefficient. The additional novelty of our modelling approach is that we corrected the transpiration data used for model calibration for the time lags to minimize errors due to the mismatch between the climate driving variables and sap flow. In the young orchards, transpiration at full canopy cover accounted for approximately 47% of ET, with orchard floor evaporation contributing about 53% to the observed ET (Fig. 5c ). There were no time lags between the hourly sap flow derived transpiration and ET in the young orchards, indicating limited capacitance in these small trees (Fig. 5d) .
The Shuttleworth and Wallace model accurately predicted the transpiration for the entire season for both mature and young orchards (Fig. 6 ), albeit with a somewhat larger scatter in non-bearing orchards (Fig. 6b) . Table 4 summarises the model performance for predicting transpiration and evapotranspiration in all eight orchards. The Nash-Sutcliffe Efficiency coefficient ranged between 0 and 1.0 for both the transpiration and ET components indicating acceptable model performance. The modelled monthly total ET and its components show that orchard floor evaporation dominated ET at the beginning of the season in September in mature orchards (Fig. 7a) . However, the rapid increase in leaf area after bud break resulted in transpiration being almost double the orchard floor evaporation by October and this trend persisted throughout the season. In the young orchards however, orchard floor evaporation was higher than tree transpiration throughout the growing season (Fig. 7b) , although our analysis neglects the role of cover crops and weeds that grew on the orchard floor. The predicted seasonal total ET were 1 086 and 1 110 mm for the full-bearing 'Golden Delicious' orchards in KBV and EGVV, respectively. Orchard floor evaporation accounted for ~ 29% of the ET (Table 5) bearing orchards (Fig. 8d) . The soil evaporation coefficient (Ke) rapidly dropped from a peak close to 1.0 early in the season stabilizing around 0.2 by mid to late October for mature orchards (Fig. 8b) . However, the variability was smaller (0.6-0.4) in the young orchards (Fig   8e) due to the larger proportion of the exposed surface. The mid-season peak crop coefficient (Kc) was between 0.95 and 1.10 for the full-bearing orchards (Fig. 8c) and around 0.6 for the young orchards (Fig. 8f) .
DISCUSSION
As expected, mature apple trees used more water than young ones. Seasonal total transpiration exceeded 750 mm in the full-bearing 'Golden Delicious' orchards in both the KBV and EGVV production regions. However, the sap flux density of the mature 'Golden Delicious' trees was much lower (~ 50%) than that of the young trees of the same cultivar.
Similar results were observed on Mangifera Indica L. trees by Oguntunde et al (2011) 
and in
Pinus ponderosa trees by Hubbard et al (1999) . The lower sap flux density in older trees can be attributed to a higher hydraulic resistance due to a longer hydraulic path length, and also increased gravitational potential against the ascent of water in the taller trees. Other possible causes of the observed differences in sap flux density include the higher proportion of recent xylem vessels in the young stems compared to the older trees. Sap velocity varies radially across the stem with maximum flow occurring in the newer xylem vessels close to the bark (Delzon et al., 2004; Sevanto et al., 2008; Wulschleger and King, 2000) . The sap velocity drops to almost zero towards the heartwood. The fully grown apple trees had considerable heartwood and older xylem vessels with a higher hydraulic resistance (Delzon et al., 2004) likely reducing the mean sap velocity.
However, comparing the effect of cultivar, there were no significant difference in the sap f lux density of the 'Golden Delicious' and 'Cripps' Pink'/'Cripps' Red'/'Rosy Glow' trees of a particular age group. This is in contrast to observations by Massonnet et al., (2007) who reported substantial differences in the water relations of Braeburn and Fuji apple cultivars on the M9 rootstock. So, it is probable that differences in water use characteristics exist in some apple cultivars but not in others. But further research is needed to confirm this. However, there were significant variations in the seasonal total transpiration of the 'Golden Delicious'
and 'Cripps' Pink' trees, especially in mature orchards. These were a result of differences in canopy management practices rather than physiological differences between the two cultivars. For example, growers maintain smaller and more open canopies for 'Cripps' Pink' trees e.g. through shoot thinning and spraying shoot growth retardants such as Regalis ®.
This is done to expose the fruit to solar radiation for anthocyanin synthesis to occur and to promote the development of the red fruit colour. Mature 'Golden Delicious' trees, on the other hand, had larger canopies for shading since the fruit is susceptible to sunburn and there is no need for red colour development. Hence careful canopy management is critical in apple orchards to balance fruit quality and orchard water requirements.
Results from this and other studies also suggest that the effect of exceptionally high crop load on apple orchard water use at the seasonal time scale is quite complex. For example, we observed that the average yields of the full-bearing 'Golden Delicious' orchards were 74 and 102 t ha -1 in KBV and EGVV, respectively. Corresponding seasonal transpiration totals were 768 and 787 mm, respectively. Yield was low in KBV during the study compared to the previous four seasons when the orchard consistently produced more than 100 t ha -1
. Since water resources were under pressure, the farm management followed a slightly more aggressive thinning strategy with the aim to conserve water. On the one hand, the yield of the 'Cripps' Pink' was much higher than the 'Golden Delicious' being 110 and 109 t ha -1 in KBV and EGVV, respectively. On the other hand, the 'Cripps' Pink' orchards had substantially lower seasonal transpiration totals of 621 and 655 mm compared to the 'Golden Delicious' orchards. Hence, the 'Cripps' Pink' orchards produced higher yield using less water due to the trees having more open canopies and a higher fruit to leaf ratio. In a separate study by Gush and Taylor (2014) , also in the KBV region, they measured higher average transpiration over two seasons of 689 mm in a 13 year old 'Cripps' Pink' orchard which had a much lower average yield of 55 t ha -1
. However, these trees had larger canopies (LAI ~ 3.0) than the 'Cripps' Pink' trees studied here. Canopy size therefore appears to be the overriding factor determining seasonal orchard water use, although crop load also has a significant role, at least based on evidence from other studies e.g. Lakatos (2003) and Naschitz and Naor (2005) .
The estimated average seasonal total ET for the mature 'Golden Delicious' orchard in the two production regions was around 1 068 mm while the 'Cripps' Pink' used 938 mm.
Modelling hourly ET across different orchard age groups is complicated by the differing physiological responses of young and old trees to environmental factors. For example, this study showed that there were significant time lags between the measured hourly orchard ET and transpiration derived from stem sap flow in mature but not in young apple trees. Similar time lags were reported for other species e.g. citrus (Dzikiti et al., 2010) , beech and oak trees (Steppe et al., 2006) . In addition to the low capacitance, young trees have higher rootto-shoot ratios than older ones (Wolstenholme, 1981) . So, it is probable that water supply to the evaporating sites in the leaves is more rapid in these trees, which also have a shorter hydraulic path length leading to shorter time lags between root water uptake and transpiration. In this study we corrected the transpiration data used for model calibration for the time lags leading to a unique set of parameters and better performance of the Shuttleworth and Wallace model at the hourly time step across orchards of different age groups.
The peak crop coefficient (Kc) ranged between 0.95 and 1.1 in the mature 'Golden Delicious' orchard and these values are consistent with the observations by Volschenk (2017) also in South African orchards. The contribution of the orchard floor evaporation (non-beneficial water use) to orchard ET was highest in the young than in mature orchards. Kool et al (2014) provides a detailed review of the key drivers for ET partitioning and canopy cover, wetted soil fraction, soil water status and the presence of cover crops are likely the main factors in orchards although this was not investigated in this study.
CONCLUSIONS
This study established that the maximum seasonal water use of the most productive apple orchards in South Africa ranges between 9 000 and 11 000 m 3 /ha. Canopy size (in terms of leaf area) rather than crop load appears to be the main driver of seasonal total transpiration in apple orchards. Therefore canopy management is critical to maintain the balance between fruit quality and overall orchard water use. Despite the fact that 'Cripps' Pink' trees had the longest growing season, this did not translate to higher seasonal water use compared to the shorter season 'Golden Delicious', firstly because of canopy management practices, and secondly because transpiration rates were quite low during the winter months. Adjusting the sap flow derived transpiration rates for time lags in the Shuttleworth and Wallace model improved the model performance in apple orchards with different canopy covers. Lastly, evaporation from the orchard floor was considerably high in the non-bearing orchards because of the small proportion of the shaded orchard floor. Substantial water savings could be achieved by reducing this evaporative component e.g. through using drip irrigation or mulching especially in young orchards, although the beneficial aspects of summer-growing cover crops, e.g. in biological control strategies for insect pests such as mites, need to be considered.
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